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6SSTRKT

Rdva,,ced concepts in materials control and
accounting include d. stributed databases In a
distributed processing env~ronmant and on-lino
instrumentaticc, To test various ideas in this
arwa, we developed a tastbad consisting o? three
personal computers (PCS) with several input de-
v~ces ●nd suitable software. The principal design
aspects beinq tested irlclude database structure,
comwwication bctwean various natwork nodas, data-
base update on the host, speed of transaction
processing, data input from on-line in~trumanta-
tlon, and ● user-friendly interface ~ith the oper-
ator, An IBM PC/XT at the local level is used to
collect data using a barcode readar ●nd balance
in a mockup glove box These represent typical
examples o: simple on-lino instrumentation in
nuclear material facilities Manual input to tho
PC/XT is through a keyboard, a mouso, ●nd a voice
mlcrophono, This ?C,XT corfiunlcatos with a hogt
PC/AT that serves to post transactions for ●

process area or wing of c facility. A SOCOnd

PC/8T represents th~ central computor that coi-
lects data from several distributed nodat ●nd
maintains t$e central databaao for analysls ●nd
report gonaration. Custom softwa,’o i, called
PC/DYMAC, ● materials accounting package dovoloped
by Robort Baar$e in cooperation with Argonno
Nutional Laboratory-+hst under the dir~ction ●nd

funding of the Los hlaws S~foquard8 rasoarch ●nd
developme~t program It wa] dovolopad U9i~
mBaseiII PLUS but was compilod with FoMBRSE+ under
the Santa Cruz Operations XENIX oporating system

mmowcTIoN

Tho traditional materials control and account-
ing (P4C6A) !yutams have boon designed ●round a
91ngle proc~ssor, with many lines to Indlvldual
input terminals This design ● roso naturally from
tho high cost of procos?or$ in yaars past ● nd from
th~ naod to concentrate ●nd cuntrol oansitivo data
in on. area for accountabiiitv wwoso~

.—
!$Thi$ work suppo;ted by the Department of Enorqu,

Offlco uf Sdf@quards ●nd $ocur~ty

In addressing the issues of advanced concepts,
we have reexamined thase ideas In llght of current
technology 1,2 Tho advantaqas of the centralized
system arw still tho concentration and control of
sensitive data in ona area and perhaps simpliflt?d
maintenance. If instead one chooses a computer
des~gned for nonstop computing, then reliability
is greatly improved One such computer is made
by Tandem Computers, Inc. W alternative design
that is gaining favor is ● distributed system w~th
● number of nodes that distribute the proces$lng
responsibilities,

It is this latter model that we have selected
to pursue, Theoretical studies have developed a
methodology for designing ● network based on data-
base design theory,3 The principal advantages
of vuch m system ● re

● improved responst,
● raduced traffic on the communication

lines,
● ●utonomous operation if central computer

is inoperative,
● reduced co~t of processors, ●nd
● open-ended ●rchituctur~

Sygtem r~sponse is improved bocausa an oper-
●tor at ● terminal doe8 not have to share comput
lng rssources, Many of tha housekeeping tasks th~t
othorwise would use central procassor time can b~

of’f-loaded to the n~e, (Examplet of sun task$
~re the painting of scro-ns, valldatlur~ uf’ USWrI,
md ranqa checking of entered data) [f t.h(~*lI
tasks ● re performed ●t the node from mamorv ~Q$l
dent cod., then system response 1s almost ln~~,~n
taneous Rapid responso ●t th!s momen: is qowj
ergonomic design [n ●ddition, It Is mura e~fl
cient to us. less e#pen91ve proceoslnq power for

mundane houstkeepinq tasks This network it ,~ll,J
not limited by ● narrow bandwidth on tho { (lmrnur!l
cation channel

Serial communication lines have bw~n the f! *
ditiunal bottl~neck Recent advances lrl t$,{llrl,,l
oqy have improved the speed l)f multlolaxinq ,~rllj
transmission, but the overhead inu,,lved ,n .dmlr,
Ist.erlnq many terminal lirlor is ltlll qui!o unpi,rl
~iva On~ of’ tho standard ●ppro~[hes t.u mIlWI,II



the traffic problem lS _the use of intelligent data
concentrator, which off-load the burden of multl-

plexinq from the central processor. Effectively,
that is the approach we have taken. However, con-
siderable care must be exercised to avoid creatlnq
excessive traffic from redundant data.

If the IMiJOrlty Of mate ial transactions
occurs wlthln the area admin~stered by the node
machine rather than Into and out of lt, those
transactions can be processed locally uslnq local
inventory information. This method provides a
certain amount of autonomy in the event that the
central machine goes down. Failuro of the central
-chine would inhlb~t .ransfers of material be-
tween nodes but would not inhibit the processlnq
of local transactions

The computing power of tho personal computers
(PCS) and workstations has increased ●t ● phenom-
enal rate. The tremendous growth and competitive
production havo lowered prices to th, point that
distributed computation is vsry cost effoctivQ
Those systems that can be built in ● distributed
fashion can make good use of ● very advantageous
pricing structure.

A distributed system can be designed in an
open-mded fashion. AS more nodos ● re needed,
they can eas~ly be added to th~ natwork. &s th~
amount of data increases in size, more disk space
can ba ●dded. h central system is often limlted
in the maximum number of linas that may be ● cco-
modatod by the multlplexor. 8Y using data concen-
trators, we can Ilmlt the total number of lines
going into the central computer to ● modost
number

DESIGW ELEMENTS 1’0 BE TESTED

The very brief description given ●bove of ●

distributed sy~.em suggo$ts ● number of design
elements that differ markedly from those of ●

traditional system and that rimed to ba tested
thoroughly Thare ● ro also some features that
aro totally unavmilablo on ● centralized syotom
R llst of tha daslgn ●lomorrts that we ●nticipate
studying fo~lows.

Database 9tructuro
Communication between nodes
Database updating on c~ntral computer
Speed of transaction procetslnq
Data Input from on-line instrum~ntatlon
User friendly interface

lha databatti structure WI1l depend upon *
lumber of factors Including the d~gree of distri-
lutlon and th~ nature of tho toftwaro system
:ommorcial database management !ystom (DBMS) pack-
Iqos are s4vailablo, or customized databalo ~yY-
:ems can be duveloped with high-level languages
~uch as “C “ [f ● commercial packaqo is chos~n,
,ts !tr~ncjth$ ●nd woaknessoj must be taken into
tccount in tha system destqn for optimization

Communlcatlon between nades 1s a uery lr~uol”ed
function The design lS dependent upon the appll -
cation package, the operating system(s), and the
communications program Itself For an autcmatlc
system to operate correctly, there mu~t be ade-
quate lnterproces3 communication For multlpie
access to shared tablets by concurrent processes,
It 13 necessary to have adequate locklng of the
records or files w~th safeguards in the event of
colllslon. Multluser DBMSY have .appear@d on the
~cene fairly recently, so this 1s a relatively
uncharted ● rea,

Database updating on the central computer 19
● t?.cklish question If there are several copies
of the official tables, concurrency problems may
occur If th~re 1s only one copy, then the auton-
omous facillty 13 lost There lS the question of
how to hmdle the poatlnq of transactions The
main program itself could do it, but only at the
euoanse of delays for ths operator. 6 b~ckqround
process could do it, but only at the risk of not
having current inventory information ●vailable to
the main process,

Speed of transaction processing is important
mainly from the standpoint of raw computing power,
Posting of transactions is the most tima-consumlnq
operation ●nd largely detorminas the throughput
capacity of the $ystem. Proper design can have a
very skronq influence on this speed ●nd must take
into consideration the foibies of the vendor’ s
packago Improper design can ebsily decrease the
speed by on. or two orders of maqnltude

Data input from on-ling lnstrumentatton would
greatly improve the quality of data by avo~dlnq
transcription errors ● s well as forclnq better
procedures, Any instrument with a built-in con+-
puter interface nmv used for making measurements
on materials would be a good candidate rhis
would ~ncludo balances, profilometers, NDA instru-
m?87ts, micrometers, ●nd llquld I@vel meters.

A user-friendly lrterfac~ will gredtly faclll-
tata us~r ●cceptance of the finished sy~tem and
improve the quality of th~ data. Ultimately, It
w,’: datermine the succes~ of the system. The
1 ?rface takes into ● ccount erqonomic issues such
● s ~cromn content ●nd desiqn, Preflllinq of forms,
evobdinq redundant and Inconsequential lnforme-
tlon, -security, convenient
VICQS, end on–lina instrumen

TESTSED CONFIOUMTIW

~

Tho basic hardware conf

Lrput and output dQ-
● tlon.

Fig I [t has an IBM PC/XT at the lower lovol
interfaced with M balance and barrode r~.advr In A
qlove bun, a mouse, a voice ml.ruohono, and .*
keyboard This mechtn. typifies a data ~rtt.y t~r

mtnal for onterinq d~te manually or tt}r,)(lqh 1111
lin9 ln9trumentetlon Tho opsrator w~ll lfltor,~, !
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Fig. 1. Basic hardwara configuration.

wit}l the systam normally through the keyboard,
though altarnatlvo input can be by maans of th~!
mouse or voice microphone M ●ppropriate points
in tha program, tho balance ●nd kmcode reader
can be interrogated by the program for automatic
machine entry of mea~uroment data The machine
Iabeled ‘Local Node’ represents the principal
machane for a building wing or control balance
area, This machine w1ll post transactions for
all activity wlthln its area but will oas~ through
to the central computer all transactions between
this ● rea and any other area. The machine labeled
‘Central Computer’ IS the main machine that does
final and official postlnq of ●ll transactions,
Performs the ma]or maintenance functions on the
database, ●nd prepares all reports. The bOX

labeled ‘Dumb Terminal’ represents a terminal
attached to the local nods for manual entry of
data The open des.qn allows considerable freedom
to configure as required by ●ny given facility A
number of local nodes can be added to the central
computer, and ● number of data-entry terminals
may be added to each local node

SQt!auu
The purpns~ of a testbed is to test uarlous

cunficjurations With this in mind, we have ~n-
stall~d tw of the most popular operating systems
for comparison purposes, DOS ●nd XENIX. XENIX,
from Santa Crl)z Operations, Inc, (SCO), is a mul-

titasking ●nd multiuser system. Since D9S 1s a
single-user system, it was supplemented w:th lay-
ered products called Multlllnk and Lanlink from
Tho Software Link, [nc @ multitasking and multi-
u~er untend~d operatlnq system qreatly ?Lmplifies
tho application proqramminq task rhe~e neceslary
functions hro provided by the supplements to the
COS operating Vystem

TFe application proqram is called PC/DYf’lK,
which stands for PC t)Vnamic Material 9Ccountinq,
a nuclear materials ●ccounting packaqe develupod

by Robert Bear%@, a consultant to Los LIl~mOS in
cooperation with Rrqonne National Laboratory West
(RNL-w) in Idaho Falls 4 The ~ro]ect, directed
and funded by the Los Alamos Nat]onal L~boratury
research and development proqr.am, was based an
the PF/LASS system deueloped at L03 Rlamos by Nick
Roberts, Ferman Kelso, et al for the Plutonlum
Faclllty at lR-55 It was written ;n dBfiSE III
PLuS, from fishton-Tate, and compiled with Cllpper,
from Nantucket With the installation of XENIX

Lt is being converted to FoxMSE+, from F-ox Sott-
ware. The SCO version of FoxBFISE+ 1s a multluser
systam operat~ng under XENIX that provides tne
additional file and record locklnq facllltles

PRESENT STATUS

All tha hardware has been installed as shown
in Fig. I, Me are in the process of replaclng the
PC/8T Central Computer with an IBM PS/2 model 80
for lmprovad performance. This configuration WI1l
be used in ● full-system test for the FsNL-bd
project, Two additional local nodes will also be
added for the final test The on-line :n~trumen-
tation with the data-entry terminal will not be
used in this particular test. 911 data w1ll be
antered at the local node levnl.

Tha balance beinq used is ● Precisa model
35100 from Pag Oerlikon ~, ●nd the voice system
is the Vocalink model SW from Interstate Voice
Products. @ata from the balance are read directly
from the built-in computer interface with a Basic
program. Data from the Vocal ink microphone are
injected via the keyboard port. F! PC boa?d is
used to handle the vocabularit?s and voice tem
plates, with the resultirq code passed through to
the computer in keyboard emulation.

Each of the upper-t-level comPuter3 is cor,-
figured with ● split disk, part 00S and part
XENIX, whereas the lower-level computer L3
strictly 00S. Communication between the lower-
level 00S system ●nd the upper-level local node
under XENIX has not yet been established Thl$
~~11 req~!ire very modular programming with mlnlmal
Interfaces between the different procayses

These machines have been configured with hard
disks—primarily for convenience in program devel-
opment In an @ctual lnstalla:lon, these hard
disks could be replaced with rondom access !m~mury
If security required sanltlzlnq at the end of the

day when unattended This is one of the ronven-

ionces of an open–ended ~ystem

FUTUaE OIRECrICW

Present plans call for o complete system {uncJQr
xENIX ,n the upper-level machines and IJ i~!J-
acqui$itlon machine under DOS We WIII hav~ tfo
capability to compare the efflrlencles of Imultl
taskinq under XFNIX versus multltasklnq ,Ar,(jfi F

LANLink We will be able to demonstrate th~ W!
vantaqes of on-line instrumentation And v,)i, o II

put whun fully integrated with a data-e!ltry PF)
qram in a materials accounting Jystem
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Robert Bearse 1s due considerable recognition
for hls valuable contr~bution of PC/DYflM, as are
Nick Roberts. Ferman Keiso. et al for the pro-
genitor proqram PF/LASS
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